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(54) System and method of selectively cleaning copper substrate surfaces, in-situ, to remove 
copper oxides 



(57) A system and method are provided for selec- 
tively etching metal, preferably copper surfaces free of 
oxides in preparation for the deposition of an intercon- 
necting metallic material. Metal oxides are removed with 
|3-diketones, preferably Hhfac. The Hhfac is delivered 
into the system in vapor form, and reacts almost exclu- 
sively with copper oxides. The by-products are also vol- 



atile for removal from the system under reduced pres- 
sure. The procedure is easily adaptable to most IC proc- 
ess systems, it can be conducted in an oxygen-free en- 
vironment, without the removal of the IC from the proc- 
ess chamber. The in situ cleaning permits a minimum 
amount of copper oxide to reform before the deposition 
of the overlying metal, permitting formation of a highly 
conductive electrical interconnection. 
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Description 

This invention relates generally to integrated circuit 
(IC) processes and fabrication, and more particularly, a 
system and method for cleaning copper oxides from a 5 
copper IC surface, in-situ, to improve electrical conduc- 
tivity between the copper and subsequently deposited 
conductive materials. 

The demand for progressively smaller, less expen- 
sive, and more powerful electronic products, in turn, fu- 
els the need for smaller geometry integrated circuits, 
and targe substrates. It also creates a demand for a 
denser packaging of circuits onto IC substrates. The de- 
sire for smaller geometry IC circuits requires that the in- 
terconnections between components and dielectric lay- 
ers be as small as possible. Therefore, research contin- 
ues into reducing the width of via interconnects and con- 
necting lines. The conductivity of the interconnects is 
reduced as the surface area of the interconnect is re- 
duced, and the resulting increase in interconnect resis- 
tivity has become an obstacle in IC design. Conductors 
having high resistivity create conduction paths with high 
impedance and large propagation delays. These prob- 
lems result in unreliable signal timing, unreliable voltage 
levels, and lengthy signal delays between components 
in the IC. Propagation discontinuities also result from 
intersecting conduction surfaces that are poorly con- 
nected, or from the joining of conductors having highly 
different impedance characteristics. 

There is a need for interconnects and vias to have 
both low resistivity, and the ability to withstand volatile 
process environments. Aluminum and tungsten metals 
are often used in the production of integrated circuits for 
making interconnections or vias between electrically ac- 
tive areas. These metals are popular because they are 
easy to use in a production environment, unlike copper 
which requires special handling. 

Copper (Cu) is a natural choice to replace aluminum 
in the effort to reduce the size of lines and vias in an 
electrical circuit. The conductivity of copper is approxi- 
mately twice that of aluminum and over three times that 
of tungsten. As a result, the same current can be carried 
through a copper line having half the width of an alumi- 
num line. 

The electromigration characteristics of copper are 
also much superior to those of aluminum. Aluminum is 
approximately ten times more susceptible than copper 
to degradation and breakage through electromigration. 
As a result, a copper line, even one having a much 
smaller cross-section than an aluminum line, is better 
able to maintain electrical integrity. 

There have been problems associated with the use 
of copper, however, in IC processing. Copper contami- 
nates many of the materials used in IC processes and, 
therefore, care must be taken to keep copper from mi- 
grating. Various means have been suggested to deal 
with the problem of copper diffusion into integrated cir- 
cuit material. Several materials, particularly refractory 



metals, have been suggested for use as barriers to pre- 
vent the copper diffusion process. Tungsten, molybde- 
num, and titanium nitride (TIN) are examples of refrac- 
tory metals which may be suitable for use as copper dif- 
fusion barriers. However, the adhesion of copper to 
these diffusion barrier materials has been an IC process 
problem, and the electrical conductivity of such materi- 
als is an issue in building IC interconnects. 

Metal cannot be deposited onto substrates, or into 
vias, using conventional metal deposition processes, 
such as sputtering, when the geometries of the selected 
IC features are small. It is impractical to sputter metal, 
either aluminum or copper, to fill small diameter vias, 
since the gap filling capability is poor. To deposit copper, 
various chemical vapor deposition (CVD) techniques 
are under development in the industry. 

In a typical CVD process, copper is combined with 
an organic ligand to make a volatile copper compound 
or precursor. That is, copper is incorporated into a com- 
pound that is easily vaporized into a gas. Selected sur- 
faces of an integrated circuit, such as diffusion barrier 
material, are exposed to the copper containing gas in 
an elevated temperature environment. When the vola- 
tile copper gas compound decomposes, copper is left 
behind on the heated selected surface. Several copper 
compounds are available for use with the CVD process. 
It is generally accepted that the molecular structure of 
the copper compound, at least partially, affects the con- 
ductivity of the copper film residue on the selected sur- 
face. 

Connections between metal levels, such as copper, 
which are separated by dielectric interlevels, are typi- 
cally formed with a damascene method of via formation 
between metal levels. The underlying copper film is first 
completely covered with the dielectric, a typical dielec- 
tric is silicon dioxide. A patterned photoresist profile is 
then formed over the dielectric. The resist profile has an 
opening, or hole, in the photoresist corresponding to the 
area in the dielectric where the via is to be formed. Other 
areas of the dielectric to be left in place are covered with 
photoresist. The dielectric not covered with photoresist 
is then etched to remove oxide underlying the hole in 
the photoresist. The photoresist is then stripped away. 
A thin film of copper, or some other metallic material, is 
then used to fill the via. A layer consisting of dielectric 
with a copper via through it now overlies the copper film. 
The excess copper remaining is removed with a chem- 
ical mechanical polish (CMP) process, as is well known 
in the art. The result is an "inlaid" or damascene struc- 
ture. 

The deposition of copper using a CVD process of- 
ten involves the deposition of by-products on the copper 
surface. The copper is combined with ligands in the CVD 
precursor until deposition. As the copper decomposes 
from the precursor, ligands, or parts of ligands, may de- 
compose in solid form, or combine with other materials 
in the environment, to degrade the copper film. In addi- 
tion, the copper film is exposed to other IC material and 
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etching processes which cover the film with by-prod- 
ucts. These by-products must be removed to make a 
good electrical contact with subsequently deposited 
metal layers. As a result, these copper films must be 
cleaned to improve electrical conductivity, before they 
can be interfaced with metallic contacts in the IC. 

A co-pending application, Serial No. 08/717,267 , 
filed September 20, 1996, entitled, "Oxidized Diffusion 
Barrier Surface for the Adherence of Copper and Meth- 
od for Same", invented by Tue Nguyen, Lawrence J. 
Charneski, and Lynn R. Allen, Attorney Docket No. SMT 
123, which is assigned to the same Assignees as the 
instant patent, discloses a method for oxidizing the dif- 
fusion barrier surface to improve the adherence of cop- 
per to a diffusion barrier. In low speed electrical circuits 
the resistance offered by a thin level of oxide is unno- 
ticeable. However, in higher speed applications even a 
small amount of resistance can increase the propaga- 
tion delay of electron current across an oxide layer. The 
primary purpose of this, above mentioned, patent appli- 
cation is to improve the ability of copper to remain de- 
posited on a surface, not on improving the conductivity 
between copper and another surface. 

Another co-pending application, Serial No. 
08/717,315 , filed September 20, 1 996, entitled, "Copper 
Adhered to a Diffusion Barrier Surface and Method for 
Same", invented by Lawrence J. Charneski and Tue 
Nguyen, Attorney Docket No. SMT 243, which is as- 
signed to the same Assignees as the instant patent, dis- 
closes a method for using a variety of reactive gas spe- 
cies to improve copper adhesion without forming an ox- 
ide layer over the diffusion barrier. However, the focus 
of this patent is to improve copper adhesion, not to im- 
prove the conductivity of copper deposited on a surface. 
In addition, the method of the above patent is generally 
only applicable to diffusion barrier material. 

Another co-pending application, Serial No. 
08/729,567 , filed October 11, 1996, entitled, "Chemical 
Vapor Deposition of Copper on an ION Prepared Con- 
ductive Surface and Method for Same," invented by 
Nguyen and Maa, Attorney Docket No. 114, which is as- 
signed to the same Assignees as the instant patent, dis- 
closes a method of preparing a conductive surface, such 
as copper, with an exposure to the ions of an inert gas 
to improve electrical conductivity between a conductive 
surface and a subsequent deposition of copper. How- 
ever, the primary purpose of this invention is to prepare 
a conductive surface that is substantially free of by-prod- 
ucts and IC process debris. 

It would be advantageous to employ a method of 
cleaning a copper IC substrate surface while minimally 
exposing the surface to oxygen, to suppress the forma- 
tion of copper oxides on the surface. 

It would be advantageous to employ a method of 
cleaning an IC substrate to selectively remove only cop- 
per oxides from a copper conductive surface, minimiz- 
ing the removal of copper from the copper conductive 
surface. 



It would be advantageous if a selective copper 
cleaning process used the vapor of a room temperature 
liquid which could be easily delivered into an IC process 
system to volatilize copper oxides. In this manner, the 
5 IC would not have to be removed from the chamber for 
cleaning and exposure to an oxygen atmosphere. 

Accordingly, in an integrated circuit having a dielec- 
tric interlevel with a dielectric surface, and a plurality of 
metal levels underlying the dielectric interlevel, a meth- 
10 od for selectively cleaning metal oxides, in-situ, from a 
surface on a first metal level, accessed through a via 
from the dielectric surface, is provided. The method 
comprises the steps of: 

15 a) providing an atmosphere surrounding the inte- 
grated circuit; 

b) controlling the atmosphere to be substantially 
free of oxygen, whereby the formation of metal ox- 
ides on the first metal level surface is minimized; 
20 c) introducing a p-diketone vapor into the atmos- 
phere; and 

d) volatilizing the metal oxidizes from the first metal 
level surface using the p-diketone vapor introduced 
in step c). A minimal amount of material is removed 
25 from the first metal level surface in preparation for 
an electrical connection with subsequently deposit- 
ed metal levels. 

Typically, the first metal level surface is a metal se- 
30 (ected from the group consisting of copper and silver. In 
one aspect of the invention, step c) includes using hex- 
afluoroacetylacetonate (Hhfac) as the p-diketone to vol- 
atilize the oxides on the conductive interlevel connection 
surface. 

35 in another aspect of the invention step c) includes 
delivering the Hhfac at a pressure of less than approxi- 
mately 85 Torr and a temperature of approximately 
20°C. The method typically includes the further step, fol- 
lowing step d), of creating a vacuum to remove the vol- 
40 atile metal oxides obtained in step d) from the atmos- 
phere. The volatile cleaning by-products are easily re- 
moved from the area of the IC by creating a vacuum. 

Another aspect of the invention includes the further 
step, before step c), of controlling the IC temperature to 
<5 be in the range between 100°C and 450°C. The method 
includes the further step, following step d), of, while 
maintaining the atmosphere established in step b), de- 
positing a second metal level overlying the first metal 
level surface to electrically interface to the first metal lev- 
so el. A cleaning process facilitates a low resistance elec- 
trical connection. The second metal level is a metal se- 
lected from the group consisting of TiN, TiSi x N y , 
TaSi x N y , TaN, WN, WSi x N y , Ti, Ta, W, Cu, Al, Ag, and Au. 
An integrated circuit is also provided comprising a 
55 dielectric interlevel with a dielectric surface, and a plu- 
rality of metal levels underlying the dielectric interlevel. 
The integrated circuit further comprises a via from the 
dielectric surface to a first metal level, and a surface on 
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the first interlevel. The first metal level surface is ac- 
cessed Irom the dielectric surface through the via. The 
first metal level surface is prepared for subsequent over- 
lying metal depositions with a process for the selective, 
in-situ. cleaning the first metal level surface of metal ox- 
ides with a p-diketone vapor, in an atmosphere free of 
oxygen. The metal oxides are removed with a minimal 
loss of the first metal level surface. 

In an integrated circuit, including a dielectric inter- 
level with a dielectric surface, and a plurality of metal 
levels underlying the dielectric interlevel, a system for 
the selective, in-situ, cleaning of metal oxides from a 
surface on a first metal level, accessed through a via 
from the dielectric surface to the first metal level, is pro- 
vided. The system comprises a chamber to control an 
atmosphere to be substantially free of oxygen, whereby 
the formation of metal oxides on the first metal level sur- 
face is minimized. The system also comprises a bubbler 
to introduce a p-diketone vapor into the chamber, and a 
wafer chuck located inside the chamber and upon which 
the IC is mounted. The wafer chuck has a predeter- 
mined temperature to control the temperature of the IC, 
whereby the p-diketone volatilizes metal oxides on the 
surface of the first metal, in preparation for electrical 
connection to subsequently deposited metal levels. 

Figs. 1 through 4 illustrate steps in the formation of 
an IC with a first metal level surface, prepared for a sub- 
sequent deposition of a second metal level, with a proc- 
ess for the selective, in-situ, cleaning of the first metal 
level surface of metal oxides. 

Fig. 5 is a representation of the keto-enol tautom- 
erisms. 

Fig. 6 illustrates a system for the selective, in-situ, 
cleaning of metal oxides from a surface on a first metal 
level of an integrated circuit. 

Fig. 7 is a graph illustrating the relationship of Hhfac 
vapor pressure versus inverse temperature. 

Fig. 8 is a flow chart illustrating steps in a method 
for selectively cleaning metal oxides, in-situ, from a sur- 
face on a first metal level. 

Figs. 1 through 4 illustrate steps in the formation of 
an IC with a first metal level surface, prepared for a sub- 
sequent deposition of a second metal level, with a proc- 
ess for the selective, in-situ, cleaning of the first metal 
level surface of metal oxides. The metal oxides are 
cleaned with a p-diketone vapor in an atmosphere free 
of oxygen. Fig. 1 is a cross-sectional view of an I C 10. 
IC 1 0consists of a dielectric interlevel 1 2 with a dielectric 
surface 14, and a plurality of metal levels underlying di- 
electric interlevel 12. Dielectric interlevel 14 is typically 
an electrical insulator such as an oxide or nitride of sil- 
icon, fluorinated carbon, or parylene (F or N). Underlying 
dielectric interlevel 12 is a barrier insulator layer 16, and 
underlying barrier insulator layer 16 is a first metal level 
18. First metal level 18 is a metal selected from the 
group consisting of copper and silver. Underlying first 
metal level 18 is a barrier metal layer 20, and underlying 
barrier metal layer 20 is a layer of silicon 22. 



A number of materials may be used in the dielectric 
interlevels and barrier levels of IC 10, the materials cho- 
sen in Fig. 1 , and the arrangement of the materials, are 
typical, but not exclusive, of those used in IC processes 

s with first metal level 1 8. Barrier layers 1 6 and 20 are not 
required to enable the invention, but are included when 
it is important to prevent the migration of metal atoms 
from first metal level 18 to other sensitive IC circuit ma- 
terials (not shown). IC 10 usually includes a variety of 

10 coupled electrical components such as transistors, ca- 
pacitors, and resistors. Further, IC 10 includes assem- 
blies of the above mentioned parts to create logic net- 
works and integrated circuits. 

Fig. 1 is the first step in a damascene process of 

is forming a metallic electrical interconnection to first metal 
level 18. That is, a via is to be formed from dielectric 
surface 1 4 to first metal level 1 8. One method of forming 
the via is to cover dielectric surface 1 4 with photoresist 
24. Photoresist 24 is patterned so that a gap appears in 

20 the photoresist to expose dielectric surface 14. The via 
is to be formed in the area where dielectric surface 14 
is exposed. 

After the photoresist has been deposited and pat- 
terned to form an opening, IC 10 is etched to remove 
25 material from dielectric interlevel 12 below exposed di- 
electric surface 1 4. As is well known in the art, a fluorine, 
oxygen, or ozone plasma is typically used in the etching 
process. 

Fig. 2 is a cross-sectional view of IC 10 following 
30 the plasma etch step. Photoresist 24 has also been 
stripped away. As a result of the plasma etch performed 
in Fig. 1, various by-products and polymers 28 are 
formed on a first metal level surface 29 on first metal 
level 18, which is accessed from dielectric surface 14 
35 through a via. By-products 28, formed as a result of etch- 
ing dielectric interlevel 12 are often difficult to remove. 
A process operation referred to as ashing is often used 
to remove by-products 28. An oxygen or ozone plasma 
30 isotropically etches by-products 28 from the via. In 
<o many processes, photoresist 24 (Fig. 1 ) and polymer by- 
products 28 are removed in the same step. 

Fig. 3 is a cross-sectional view of IC 10 following 
the process of ashing. Since the ashing operation in- 
volves the use of oxygen, metal oxides 32 are formed 
45 overlying first metal level surface 29. To remove metal 
oxide layer 32, a p-diketone vapor 34, such as Hhtac, is 
introduced. For example, when first metal level 18 is 
copper, Hhfac reacts with copper oxide to form water 
and the volatile Cu +2 (hfac) 2 complex. Since water is al- 
so so volatile, CuO 32 is entirely removed from first metal 
level surface 29 in a vapor phase as shown below: 

CuO + 2Hhfac -» Cu +2 (hfac) 2 + H 2 0 

55 

A more complete discussion of p-diketones is pre- 
sented with regard to Fig. 5, below. 

p-diketone vapor 34 removes metal oxides 32 with 
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a minimal loss of first metal level surface 29. To better 
appreciate the action of p-diketone vapor 34, a brief 
comparison is made to the cleaning action of fluorine 
and oxygen plasmas 26 and 30, below. 

Fluorine and oxygen plasma etchants, 26 and 30, 
depicted in Figs. 1 and 2 are anisotropic and relatively 
non-selective. That is, plasmas 26 and 30 are direction- 
al, removing intended target materials, and a portion of 
unintended target materials. IC 10 and a wafer chuck 
upon which IC 10 is mounted (not shown), must be suit- 
ably positioned in an ionized environment to direct the 
plasmas to intended targets. In Fig. 1, plasma 26 is di- 
rected perpendicular to dielectric surface 14 to form a 
via with minimum undercutting beneath photoresist lay- 
ers 24. In Fig. 2, oxygen plasma 30 is directed to remove 
polymer layer 28 in the bottom of the via hole. Metal ox- 
ide layer 32 is likewise located in the bottom of the via. 
Care must be taken to protect sensitive surfaces that 
are not to be removed in the etching process. 

Even though the p-diketone vapor is ubiquitous 
throughout the atmosphere in which IC 10 is placed, it 
works selectively to remove only metal oxide layer 32. 
In one aspect of the invention the p-diketone is Hhfac. 
The cleaning by-products formed from the reaction of 
Hhfac with oxides of copper and silver are volatile. 
These volatile by-products are easily removed from first 
metal level surface 29 with a minimal toss of first metal 
level surface 29, and the area of IC 10 without breaking 
the chamber vacuum prior to the deposition of a subse- 
quent metal layer. 

Fig. 4 is a cross-sectional view of IC 10 following 
the process for the selective, in-situ, cleaning of first 
metal level surface 29 of metal oxides 32 with p-diketone 
vapor 34 in an atmosphere free of oxygen, as shown in 
Fig. 3. First metal level surface 29 has not had an op- 
portunity to form another layer of metal oxide, and is pre- 
pared for the subsequent deposition of a metal level. A 
second metal layer 36 overlies first metal level surface 
29 in the via, and dielectric surface 14. Second metal 
layer 36 is deposited on first metal level surface 29, after 
the in-situ cleaning process shown in Fig. 3, to electri- 
cally communicate with first metal level 18. The in-situ 
cleaning process helps insure that a low resistance elec- 
trical interconnect, or interface, results between the two 
metal structures. Metal layer 36 is selected from the 
group of metals consisting of TiN, TiSi x N y , TaSi x N y , TaN, 
WN, WSi x N yi Ti, Ta, W, Cu, Al, Ag, and Au. Typically, 
second metal layer 36 is a barrier metal layer, such as 
barrier metal layer 20. It is used to prevent the migration 
of metal atoms from first metal level 18 into underlying 
semiconductor material (not shown). Second metal lev- 
el 36 is conductive to electrically interface with a third 
metal level 38 deposited over second metal level 36. 
When it is not important to prevent the migration of metal 
atoms from first metal level 18, third metal level 38 is 
deposited on first metal level 1 8 without the barrier layer, 
second metal level 3G. Further, even when a barrier lay- 
er is used, it is standard practice in the industry to iden- 



tify second metal level 36 as the combination of second 
metal level 36 and third metal level 38 depicted in Fig. 
4. Second metal layer 36 and third metal layer 38 have 
been introduced, above, as separate metal layers for the 
5 purposes of clarity, however, from this point on the sec- 
ond metal layer is understood to be the combination of 
layers 36 and 38. 

The relatively simple process of releasing an Hhfac 
vapor 34 to volatize metal oxide layer 32, and removing 
10 the volatilized by-products with a vacuum, is a large im- 
provement in the method of cleaning metal oxides. Typ- 
ically, no attempt is even made to clean copper surfaces 
of oxides. Exposure to the copper surface to an uncon- 
trolled atmosphere, as it is moved between chambers 
is after cleaning, causes the formation of more oxides on 
the surface. As a result, the electrical conductivity of 
copper surfaces in IC structures are often degraded. By 
keeping IC 10 in the oxygen-free environment, first met- 
al level surface 29 is not allowed to re-oxidize after 
20 cleaning and the electrical connection to second metal 
level 36 is improved. Further, since Hhfac vapor 34 se- 
lectively removes only metal oxides 32 from first metal 
level surface 29, a minimum of conductive material is 
removed from first metal level 18. This is an important 
25 consideration in IC fabrication, in many designs the first 
metal level is less than 0.5 microns thick. 

Hexafluoroacetylacetone or hfac is a particular ex- 
ample of a p-diketone. The prototypical example is the 
well known compound, acetylacetone or acac. This fam- 
30 j|y of compounds is characterized by a molecular struc- 
ture involving two carbonyl functional groups separated 
by a single carbon atom to which is attached at least 
one hydrogen atom. Hence, p-diketones are also char- 
acterized by keto-enol tautomerisms in which the enol 
35 form is stabilized by conjugated double bonds. This re- 
sults in p-diketones having chemical properties of both 
ketones and enols. In addition, the conjugated nature of 
the double bonding implies significant delocalization of 
7i-electrons. These delocalized electrons readily interact 
40 with the d-electrons of metal atoms to form coordination 
compounds. In such compounds, due to the presence 
of the two carbonyl groups, each p-diketone ligand co- 
ordinates twice with the metal atom to form a closed ring 
or chelated structure. Furthermore, the hydrogen atom 
<5 involved in the keto-enol tautomerism is weakly bonded 
and, thus possesses significant acidic character. Thus, 
P-diketones readily form stable anions which can be 
combined with metallic cations to form stable complex- 
es. The copper precursor (tmvs)(hfac)Cu(l) is an exam- 
50 pie of such a complex, however, many other types of 
these compounds exist and can be used for MOCVD. 
The choice of a specisc p-diketone as ligand in a 
MOCVD precursor is determined by the desirable char- 
acteristics of the resulting complex. Typically, such prop- 
55 erties are thermal stability, high volatility, etc. Generally, 
it is found that hfac possesses such desirable proper- 
ties, however, research continues into developing other 
p-diketones having even more desirable characteristics 
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than hfac. 

Fig. 5 is a representation ot the keto-enol tautom- 
erisms. A compound such as a p-diketone exists in both 
keto and enol forms. That is, the p-diketone exists in all 
three forms, although is generally true that keto-acids 
are more stable. There is no preference between the 
right-most and leftmost enol forms. The O and OH 
groups are not predisposed in their carbon bonding to 
favor the formation of either enol form. Also in the struc- 
tural formula of Fig. 5 are bonds to R, R 1 , and X. The R 
and R 1 groups are selected from the set of groups con- 
sisting of C1 toC6alkyls, perfluoroalkyls, and other sub- 
stitutions which bond to the carbon atoms. The R and 
R 1 groups need not be the same. The number after the 
"C refers to the number of carbon atoms in the alkyl 
group, for example, a C1 alkyl group contains 1 carbon 
atom. The X group is selected from the functional group 
consisting of H, F, CL, Br, I, alkyls, perfluoroalkyls, and 
substitutions which bond to the CH molecule. In Hhfac, 
for example, the R and R 1 groups are both F 3 , and the 
X functional group is H. 

Fig. 6 illustrates a system for the selective, in-situ, 
cleaning of metal oxides from a surface on a first metal 
level of an integrated circuit. The IC includes a dielectric 
interleve! with a dielectric surface, and a plurality of met- 
al levels underlying the dielectric interlevel. The first 
metal level surface is accessed through a via from the 
dielectric surface to the first metal level. The system 
comprises a chamber 40 to control an atmosphere to be 
substantially free of oxygen during the cleaning and 
metal deposition process. The formation of metal oxides 
on the first metal level surface is, thus, minimized. In 
one aspect of the invention, chamber 40 is a cluster tool, 
or series of connected chambers sharing the same at- 
mosphere. The system also comprises a bubbler 42 to 
introduce, or deliver, a p-diketone vapor into chamber 
40. The system comprises a wafer chuck 44 located in- 
side chamber 40, upon which the IC is mounted. Wafer 
chuck 44 has a predetermined temperature to control, 
or maintain, the temperature of the IC. The p-diketone 
volatilizes metal oxides on the surface of the first metal 
level in preparation for an electrical connection to sub- 
sequently deposited metal levels. Figs. 1-4 correspond 
to steps in the process of forming an interconnection in 
an IC that are carried out in a system such as the one 
depicted in Fig. 6. As in first metal level 18 of Figs. 1-4, 
the first metal level of the IC prepared in the above sys- 
tem is a metal selected from the group consisting of cop- 
per and silver. 

In one aspect of the invention the p-diketone vapor 
introduced by bubbler 42 is Hhfac, whereby metal ox- 
ides from the first metal level surface are volatilized for 
easy removal from chamber 40. Bubbler 42 delivers the 
Hhfac at a pressure of less than approximately 85 Torr 
at a temperature of approximately 20°C. It is the relative 
ease to which Hhfac is introduced to chamber 40 that 
gives the present invention much of its value. 

Bubbler 42 is a sealed ampule containing a p-dike- 



tone liquid such as Hhfac. The ampule is equipped with 
a gas inlet tube. The tube is inserted to below the surface 
of a liquid. A vapor output tube 48 is located at the top 
of bubbler 42 to draw away the Hhfac vapor. A carrier 
5 gas, typically an inert gas such as He, is forced into inlet 
46 at a predetermined flow rate and bubbled through the 
Hhfac. The carrier gas becomes saturated with the Hh- 
fac vapor. The partial pressure of the Hhfac vapor in the 
carrier gas is determined, or controlled, by the temper- 
*o ature of the liquid. 

Fig. 7 is a graph illustrating the relationship of Hhfac 
vapor pressure versus inverse temperature. As shown 
in the graph, at room temperature (20°C) the corre- 
sponding Hhfac vapor pressure is approximately 85 
*5 Torr. This relationship shows that high vapor pressures 
can be achieved with no special preparation of the Hhfac 
liquid. Referring again to Fig. 6, a valve, mass flow con- 
troller (MFC), or orifice arrangement 50 located between 
bubbler 42 and chamber 40, is sufficient to control the 
20 amount of Hhfac that enters chamber 40. 

It is an aspect of the invention that wafer chuck 44 
has a temperature is the range between 1 00 and 500°C. 
In this manner, the temperature of the IC is maintained 
in the range between 100 and 450°C during the cleaning 
25 and metal layer deposition processes. 

The system further comprises a liquid injector 52 to 
introduce liquid precursor compounds including metal 
into chamber 40. A second metal level is deposited on 
the first metal level surface, which is free of metal ox- 
30 ides, to facilitate a low resistance electrical connection. 
That is, after the process of cleaning metal oxides with 
the Hhfac, a liquid precursor is injected in line 52 to de- 
posit the second metal level. Both the cleaning and the 
metal deposition processes are conducted in the oxy- 
35 gen-free environment of chamber 40, so that a minimum 
number of metal oxides are formed between steps. It is 
an aspect of the invention that the second metal level 
overlying the first metal level surface is a metal selected 
from the group consisting of TiN, TiSi x N y , TaS^Ny, TaN, 
40 WN, WS^Ny, Ti, Ta, W, Cu, Al, Ag, and Au. 

In another embodiment of the invention, a vapor de- 
livery system introduces vapor precursor compounds in- 
cluding metal on line 52 into chamber 40. A second met- 
al level is deposited on the first metal level surface, 
45 which is free of oxides, to facilitate a low resistance elec- 
trical interconnection. The second metal level overlying 
the first metal level surface is a metal selected from the 
group consisting of TiN, TiSt x N y , TaSi x N y , TaN, WN, 
WSi x N y , Ti, Ta, W, Cu, Al, Ag, and Au. 
50 This system also comprises a pump 54 to create a 
vacuum pressure in chamber 40. The volatile metal ox- 
ides of the first metal level surface are removed from 
chamber 40 through a line 56. 

Fig. 8 is a flow chart illustrating steps in a method 
55 for selectively cleaning metal oxides, in-situ, from a sur- 
face on a first metal level. Step 70 provides an IC circuit 
having a dielectric interlevel with a dielectric surface, 
and a plurality of metal levels underlying the dielectric 
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interlevel. A surface on a first metal level is accessed 
through a via from the dielectric surface. Step 72 pro- 
vides an atmosphere surrounding the IC. Step 74 con- 
trols the atmosphere to be substantially free of oxygen, 
whereby the formation of metal oxides on the first metal 
level surface is minimized. Step 76 introduces a p-dike- 
tone vapor into the atmosphere. Step 78 volatilizes the 
metal oxides from the first metal level surface using the 
P-diketone vapor introduced in step 76. While maintain- 
ing the atmosphere established in step 74, step 80 de- 
posits a second metal level overlying the first metal level 
surface to electrically interface to the first metal level 
surface, whereby the cleaning process facilitates a low 
resistance electrical connection. The second metal level 
is a metal selected from the group consisting of UN, 
TiSi x N y , TaSi x N y , TaN, WN, WSi x N y , Ti, Ta, W, Cu, Al, 
Ag, and Au. Step 82 is a product, a multilevel intercon- 
nected integrated circuit having a first metal level sur- 
face selectively cleaned, in-situ, of metal oxides with a 
minimal amount of material removed from the first metal 
level surface. The first metal level surface is cleaned in 
preparation for an electrical connection with subse- 
quently deposited metal levels. 

It is an aspect of the invention that the first metal 
level is a metal selected from the group consisting of 
copper and silver. It is another aspect, that step 76 in- 
cludes using Hhfac as the p-diketone to volatilize oxides 
on the conductive interlevel connection surface. Further, 
step 76 includes delivering the Hhfac at a pressure of 
less than approximately 85 Torr and a temperature of 
approximately 20°C. 

One aspect of the invention includes the further step 
84, before step 76, of controlling the IC temperature to 
be in the range between 1 00 and 450° C. Another aspect 
of the invention includes the further step 86, following 
step 78, of, creating a vacuum to remove the volatile 
metal oxides obtained in step 78 from the atmosphere, 
whereby the cleaning by-products are easily removed 
from the area of the IC. 

The IC, method, and system described above have 
focused, for the purpose of greater clarity, on preparing 
a first metal layer to interconnect with a second, subse- 
quently deposited, metal layer. It is typical to fabricate 
ICs with a large number of metal layers. Interconnec- 
tions must be made to all these metal layers. It is under- 
stood that the Hhfac cleaning and metal deposition proc- 
ess is not limited to an IC having only two metal levels. 
The above described process is repeated for each metal 
level in an IC so that interconnections are made to every 
metal level in an I C having a large number of metal lev- 
els. 

The advantage of the present invention system of 
cleaning is that it is both simple and effective. The de- 
livery system and preparation of the Hhfac is straight- 
forward so it can be easily integrated into almost any IC 
process. This integration allows the cleaning to be con- 
ducted in-situ so that the IC is not exposed to oxygen 
prior to the deposition of the next metal layer. The above 



method simplifies the cleaning process because it is se- 
lective in reacting with only the oxides of copper or silver. 
Further, the cleaning by-products are volatile, and easily 
removed from the IC environment. Subsequently de- 
5 posited metal layers can be deposited from systems us- 
ing either liquid or vapor precursors. Other variations 
and embodiments of the invention will occur to those 
skilled in the art. 

10 

Claims 

1 . A method for in situ cleaning a metal oxide from the 
surface of the first of a plurality of metal levels, in 

*5 an integrated circuit (IC) having a dielectric interlev- 
el with a dielectric surface and the plurality of metal 
levels underlying the dielectric interlevel, the sur- 
face of the first metal level being accessed through 
a via from the dielectric surface, the method com- 

20 prising the steps of: 

(a) surrounding the integrated circuit with a 
gaseous atmosphere; 

(b) controlling the atmosphere to be substan- 
25 tially free of oxygen, whereby the formation of 

metal oxides on the first metal level surface is 
minimized; 

(c) introducing a p-diketone vapor into the at- 
mosphere; and 

30 (d) volatilizing the metal oxide from the first 

metal level surface using the p-diketone vapor 
introduced in step (c), whereby the first metal 
level surface is selectively cleaned. 

35 2. A method according to claim 1, wherein the first 
metal is selected from copper and silver. 

3. A method according to claim 1 or claim 2, wherein 
the p-diketone has the structural formula 

40 

0 o 

II II , 

R-C-CH-C-R 1 



in which each of R and R 1 is selected from C-, to C 6 
50 alkyls, perfluoroalkyls, and other substitutions, and 
X is selected from H, F, CI, Br, I, alkyls, perfluoro- 
alkyls and substitutions. 

4. A method according to claim 3, wherein the p-dike- 
55 tone is hexafluoroacetylacetonate (Hhfac). 

5. A method according to claim 4, wherein Hhfac is 
introduced in step (c) at a pressure below 11.5 kPa 
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and a temperature of approximately 20°C. 

6. A method according to any one of claims 1 to 5, in- 
cluding following step (d) the further step of 

(e) reducing the pressure thereby to remove 5 
the metal oxides volatilized in step (d). 

7. A method according to any one of claims 1 to 6, in- 
cluding before step (c) the further step of 

(f) controlling the temperature of the IC to be- io 
tween 100 and 450°C. 

8. A method according to any one of claims 1 to 7, in- 
cluding following step (d) the further step of 

(g) depositing a second metal level over the is 
first metal level surface to electrically interface to 

the first metal level. 

9. A method according to claim 8, wherein the second 
metal level is selected from TiN, TiSi x N yp TaSi x N y , 20 
TaN, WN, WS^Ny, Ti, Ta, W, Cu, Al, Ag and Au. 

10. A system for use in carrying out the method of any 
one of claims 1 to 9, comprising 

25 

a chamber (40) adapted for the control of the 
atmosphere therein to be substantially free of 
oxygen; 

a bubbler (42) operatively connected to the 
chamber to introduce p-diketone vapor into the 30 
chamber; and 

a wafer chuck (44) located within the chamber 
and upon which the IC may be mounted, and 
means associated with the wafer chuck for 
maintaining the chuck at a predetermined tern- 35 
perature. 



11. A system according to claim 1 0, wherein the means 
is adapted to maintain the wafer chuck at a temper- 
ature between 100 and 500°C. 40 

12. A system according to claim 10 or claim 11, further 
comprising a pump (54) operatively connected to 
the chamber to remove volatilized metal oxide from 

the chamber. 4S 

13. A system according to any one of claims 10 to 12, 
further comprising a liquid injection (52) to introduce 
liquid precursor compounds including metal into the 
chamber. so 

14. A system according to any one of claims 10 to 12, 
further comprising a vapor delivery system (52) to 
introduce vapor precursor compounds including 
metal into the chamber. ss 
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Providing an IC circuit having a dielectric interlevel with a dielectric 
surface, and a plurality of metal levels underlying the dielectric 
interlevel, with a surface on a first metal level accessed 

through a via from the dielectric surface 



-70 



providing an atmosphere surrounding the IC 



72 



■7H 



controlling the atmosphere to be substantially free of oxygen 



controlling the IC temperature to be in the range between 100 and 450° C 



introducing a p-dxketone vapor into the atmosphere 



■7 b 



volatilizing the metal oxides from the first metal level s rface 



creating a vacuum to remove the volatile metal oxides 



-Y 5 



7<? 



2i 



depositing a second metal level overlying the first metal level surface 



Product: An IC first metal level surface selectively cleaned, in situ, of metal 
oxides, in preparation for an electrical connection with subsequently 
deposited metal levels. 
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